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EXTENSION OF THE STEAM-ELECTRIC PLANT AT METROPOLIS. 
The powe-r plant at Metropolis, Illinois is owned and op-
erated by the city, in conjunction with the water works. It 
is very poorly equipped, and gives very poor service. The 
electrical equipment consists of J..-100 K.W~, 133 c_ycle, 1100 
volt generator and 1-70 lamp Wood arc machine. The generator 
is of poor design, getting excessively hot at three fourths 
full load. It is of the inductor type. The heating is prob-
ably due to e:xcessive iron loss:es. There are no ree-erve units, 
hence a breakdown means shutting down the plant. 
The feeder system is so designed, that a short circuit on 
any feeder will cause half the system to be thrown out, for 
power is carried out on two main circuits, each of which di.-
vides at soma_ distance from the stat ion. The feeders are poor-
ly designed, and the regulation in some parts of the town is 
very poor. At the time of peak load, the lights in the bus-
iness district become very dim, but will brighten as load less~ 
ens. At the same time, the lights in the resident districts 
will burn brightly during peak load, but will get dimmer as 
load falls off. This is due to fact that the feeder leading to 
business district is overloaded, and there is a large line drop. 
The voltage at the station is raised during peak load to over-
come this, hence feeders to resident districts, which do not 
have very large line drop, will have higher voltage, than they 
will at a time when voltage is lower at station. 
The electrical machines are driven by l-250 H.P. Corlil!HS, 
. . 
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:Engine, running at 85 R •. P.M. ,, using steam at 100 pounds gage. 
This engine is belted to line shaft, which is belted to machine.:s. 
A friction clutch is ins:erted i.n the shaft, that the arc maohine 
may;r be cut off at any desired time. 
The steam generating plant consists of Z-60 H.P., and 1-
150 H.P •. ballers. In addition to furnishing steam for engine, 
the boilers muet furnish steam for pumping plant. Since: the 
pumping is: done during light load, no extra boiler capacity is 
~llowed for this. 
The pumping pl~t consists of two steam dri van air com-
prasaors,., and two pressure pumps. The water is forc:ed from 250 
foot wells by means of an air lift, and flows into an underground 
reservoir. From there it is pumped directly into mains.. One 
pump is kept in rese11ve. 
In extending this plant, I have changed the frequency from 
133 to 60 cycle. Motors; o:f 133 cycle are difficult to obtain, 
and large ones are not manufactured. Since 60 cycle is standard, 
and suitable for both lighting and power,. I have chosen this 
frequency. A load curve of plant taken. last December is shown on 
sheets #JJ6' and #17. By making a canvass· of amall shops·, manufac-
turers- and residences, I have constructed a load curve:.,. w.hich coulc 
be realized with proper installment. I found that many residences I 
were not electric lighted, due to poor service and to the fact 
that the plant will not take on any more load with their present 
equipment_.. Many stores are installing gas lights· on ace.cunt of 
poor service. Instead of aeries arc lights for street lighting· as 
now used,.! have chosen 60 watt series Tungstens;, three being 
placed in each block. This installation requires more power than , 
the 
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present system of street lighting, but gives a much better dis-
tribution. A day load of about 80 K.W. could be obtained. 
With this data I have constructed the load curve for twenty-
four hours, shown on sheet, for the month of December. In swn-
mer the peak load will come later, and will not be as great nor 
last as long, for many stores close at seven o'clock, and fac-
tories will need no light at all. On moonlight nights, the 
night load will be considerably less,as street lamps are not 
burned on these nights. 
In selecting machines to fit load curve, I have chosen 
3-100 K.W.,1100 V., three phase machines. One machine is suf-
ficient to ~arr y day load, and night load between the hours of 
ten- thirty and four-thirty. At peak load, two machines will 
carry the load if necessary each being about ten per cent over-
loaded for a sh.ort. period of time. Thus one unit is in reserve 
in case of breakdown. The plant is located in such a place that 
power is transmitted over a semicircular area, the greatest dis-
tance of transmission being a little more than one mile. The 
power sent out to edge of town is small, hence 1100 volts will 
be sufficient. 
As the machines are to run in parallel, I have chosen for 
the additional prime mover, l-150 H.P. Corliss engine, running 
at same speed as engine already installed. This engine will 
be sufficient to carry day load, and the night load between 
hours of ten-thirty ani four-thirty. The steam pressure used is 
100 pounds gage. In case of breakdown of small engine, by in-
creasing steam pressure, the 250 H.P. engine could carry peak 
load. 
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'Dhe engines are belted to line shaft, which runs at 300 R. 
P.M. This shaft is cut into three sections by means of friction 
clutches. With this arrangement, the shaft can be out into three 
pieces, each belted to a generator. The shafts may be coupled 
together and driven by both engines, running the three alter-
nators in parallel. It may be run in two sections, the large 
engine driving two generators, and the small engine driving one 
generator, or each engine may drive a generato-r, the middle gener-
ator being idle. In all cases the generators may be run in par-
allel. 
The exciters are direct connected to the alternators, henc&. 
requiring less floor space and less belting. One lead from exci-
ter field, and both leads to generator field are brought to 
switch board. 
The switch board is located between the two engines in 
such a position that it can be seen from either engine throttla. 
It is made up of eight panels, three generator and five feeder 
panele. Three feeders are placed on each feeder panel, two 
feeder panels are for lighti~g and power and the other three for 
street lighting. An air break three pole switch is used for 
connecting generators to bus bars. A three pole circuit break-
er is placed between alternator and bus bar. An ammeter is 
placed in each phase, for convenience in keeping phases balanced. 
One voltmeter is placed on each panel, with plug connections for 
placing it across either phase. The voltmeter is placed across 
a step down potential transformer. Lamps are used for synchro-
nizing. The lamps are so placed, that if the plug on machine 
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running, and plug on machine started be inserted, the lamps of 
the two machines will be in series across the potential trans-
formers of the two machines. When transformers are used, the 
machines must be synchronized during light period, hence it is 
easier to tell a.xact instant of throwing switch. The same po-
tr,ential transformer is used for both lamp and voltmeter. Two 
Rheostats are mounted on each generator panel, one for gener-
ator field and one for exciter field. A two pole switch is 
placed between exciter and exciter field. An ammeter is, placed 
in e_ach generator field to measure exciting current. Three 
~wo pole double throw switches are placed on each feeder panel. 
The feeder is connected to middle terminals, and outer ter-
minals are connec,ted to different phaa:es. By means of thesa 
double throw switches, a single .feeder may be supplied 0 from 
either of two phases, thus making it possible to keep phaa·ea 
balance~. A single pole circuit breaker is placed in each fead-
er to light and power, and a fuse in each feeder to street aeries 
lamps. An ammeter is placed in each feeder, fo~ the purpose of 
assisting in balancing up load on phases. 
Lightning arresters are to be installed in each feeder cir-
cuit • . These will be placed just outside of generating room, 
where feeders are brought out. 
Six feeder circuits carry current for lights and power. 
Circuit #l runs -«tat along First street: to Broad\vay, then north 
to edge of city. It furnishes lights for residences and fac-
tories in western and south western part of city. A small 
amount of power is carried by this feeder to amall factories lo-
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cated on river front. Circuit 4!=2 runs east on First street and 
furnishes light and power to factories. Most of these factories 
are large and are steam driven, hence this circuit transmits 
very little current for power. The liehting load will be heavy 
on this feede.r in winter, but light in summer, as the factor-
ies close at five-thirty. During certain seasons of the ye·ar, 
some of the factories run twelve and one half hours a day. It 
would not be advisable to attempt to furnish residence light9 
from this airoui t , as it will be very heavily loaded at time 
of peak load in winter. Circuit #3 runs north to Third street, 
weat to Ferry street, north to Sixth street and west to Market 
street. This fe~er carries current for lighting business 
buildings., which are located on Third street between l!etropolia 
and Ferry streets., on Ferry street between Front and Fifth 
streets, and on Market street between Sixth and Saventh streets. 
Circuit #4 runs north on Catherine street and furnishes lights 
to residences in part of c.i ty north of Twelfth street. Cir-
cuit #5 runs north on Catherine street, carrying current to all 
residen~es located in area bounded by Market., Ophia., Twelfth 
and Front streets excluding business districts. Circuit 1/=6 
runs north to Fifth street., thence east, carrying current to 
lights in residences east of Ophia street, and to business· 
buildings on Scott street. I have arranged the feeders, so that 
no feeder shall have a maximum load of more than. 45 K. w. Feed-
ers #2 and 1.3 will carry maximum load during winter months, at 
time of :peak load, but during summer months., the load will be 
comparatively light at this time. l2 will be heavily loaded on 
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Saturday nights, and on fifth and twentieth of each month, 
w,hich niehts are pay nights, for stores stay open till a late 
hour. 
The street lamps are series tungsten, and t~ke 5.5 amperes 
with 11.3 volts drop acroaa each lamp. Ninety-five of these 
lamps may be placed in series. I have arranged these circuits, 
so that each one will have practically same length of line • 
.. 
I have chosen 1~150 H.P. boiler, of the horizontal fire 
tube type, for addition to steam generating plant. (See Cal-
culations). 
No additional feed water pumps are needed. ~he present 
equipment consists of two pumps, either of which is capable of 
pumping water for the four boilers .. 
A vertical feed water heater was installed about a year 
ago, and is of sufficient aapacity to take care of exhaust 
s·t eam from bot.h engines. The exhaust pipe is placed under floor 
running to point near heater, where it is· brought up and enters 
top of heater. A drain ia placed in the lowest point of exhaust 
pipe. The feed water enters heater from main under pressure. 
It flows by gravity into pumps, and is forced into pipe, which 
ia connected through valves to all the boilers. Either pump 
may be used, thus allowing for breakdown. 
The steam piping from boiler room consists of a single 
header, six inches in diameter up to first engine, and four inches 
in diameter to second engine. These sizes are somewhat larger 
than sizes derived by means of formula in Koester. (See Cal-
culations). Valves are placed in pipes just beyond point where 
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branch for first engine is taken off, and bet·Reen each boiler 
and header. The water pumping plant may be cut off by valves 
near header. 
The chimney is six feet inside diameter, and ninety feet 
high, being of sufficient capacity according to tables in 
Koester. 
The coal is brought in cars up to bin, where it must ba 
shoveled from car to bin. It is then shoveled from bins to 
furnace. The space between boiler front and coal bin ia nine-
teen feet, being sufficient to permit cleaning of boiler tubes. 
An ash car is brough~ in front of boilera,and ashes shoveled 
into it. They are then carted outside and dumped. 
Calculations:-
! have assumed 25 pounds per H.P. hour as steam con-
oumption. The 150 H.P. engine require& 150 times 25 equals 
3750 pounds steam per hour. One boiler H.P. has an equivalent 
evaporation of 34 t pound.a per H.P. hour,. and requires 
34f x 96a:.. 33300 B.T.U •. One pound of steam at 100 pounds 
pressure contains 1185 B.T.U. above 32° F. Feed water temper-
ature ia 175° F. Hence 1185-(175-32) = 1043 B.T.U. must be 
furnished to each pound of water. One boiler H.P. will evap-
orate 33300/'1042 31.9 pounds water. 3750/31.9 = 117.5 H.P. 
= capacity of boiler needed. I have chosen l-150 H.P. hori-
zontal fire tube boiler, which will be sufficient to carry en-
gine at Z8 per cent overload without overloading boiler. 
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Calculations for size of pipe. 
Engine requires 25 pounds steam per !.H.P. hour. 
Assuming 80 per cent efficiency for engines. 
' 
Steam required per hour equals(400 x 25)J8 = 12500 pounds. 
Steam pressure =- 100 pounds gage. 
Drop in pressure= three per cent= three pounds. 
Actual length of pipe= 66 feet. 
Assuming s-ix inch pipe, 20 feet- must be allowed -for bend, 
and 38.4 feet for Ts. 
Hence equivalent length of pipe = 124 .4 feet. 
Weight of steam in pounds per cubic foot= .263 = D. 
Aasuming velocity of 4000 f ·eet per minute 
P = 1/sooooo x Q2t/d5n. 
3 = 1/9000000 x CC 12soo) 2 x 124 .4) / d5 x .. z53-
d6= 2?45 
log d = 1/5 log 2745 
d = 4 .9 inches 
Six inch pipe was chosen up to first engine, and four inch 
pipe from there to second engine. 
Calculations for amount of coal used. 
Assuming steam consumption of 25 pounds per H.P. hour 
The load factor obtained from load curve (average) ia .Z68. 
Efficiency of engine equals 80 per cent and efficiency of 
generator equals 90 per cent~ 
Amount of steam required per hour (maximum) is 
(25 x 500 x l.34)/,90 x.80) = 14000. 
At 100 pounds stearn pressure, feed water temperature at 
10 
175°, one pound of steam requires 1042 B.T.U. furnished 
by boiler. 
With boiler efficiency of 7~ ~er cent, the coal must fur-
nish (1042)/.7 = 1490 B.T.U. per pound steam. 
Uaing _s<?u~hern Illinois coal having heat value of 12000 
B.T.U. per pound, (14000 x . 1490)/12000 = 1740 pounds of 
coal per hour will be required at full speed. 
Average coal consumption per hour equals 
.Z.68 x 1'7.40 = 466 pounds-. 
Cost of coal is $1.25 per ton in cars at plant. 
Cost of coal per year is (365 x 2"4 x 466)/ 2000 x $1.2·5 = 
$2560. 
Calculations for s'ize of feeders, assuming three per cent drop. 
Current 
A:mp. 
21.8 
I.7.2'5 
12'. 70 
s.ao 
s·.so 
2'. 70 
36.4 
Circuit fl. 
Distance Wire neede:i. Equiv. Current 
Feet Feet per 1000 ft. 
1200 2400 52'.5 
960 192'0 35.2' 
880 1760 22.4 
'l20 1440 11.8 
12'80 2"560 14.1 
1680 3360 9 .:3 
6080 feet number two wire weighs 1216 pounds. 
nrno feet number six wire weighs 590 pounds·. 
Weight of wire used 1806 pounds. 
Circuit #2. 
1360 272'0 99.0 
wire: 
36.4 
22 .. 7 
18.2 
13. 6 
40.9 
22.7 
13 .6 
13.6 
10.9 
5.45 
2.7'5 
26.4 
21.8 
19.l 
14.5 
7t .3 
11 
880 1760 56.0 
960 1920 43.2 
960 1920 35.0 
1040 2080 28.4 
10400 feet number one wire weighs 2 62'0 pounds • 
Weight of wire used 2620 pounds. 
Circuit #3. 
2240 4480 186 
800 1600 36.3 
960 19:ro 26 •. 0 
6080 feet of number one wire weighs 1540 pounds. 
l9ZO feet of number four wire weighs 2'42 uounda. 
Weight of wire used 1782 pounda. 
5280 
7.20 
800 
1280 
Circuit 4/4. 
10560 
1440 
1600 
2560 
144 
15.7 
8.8 
7, .1 
10560 feet number two wire weighs 2110 pounds. 
5600 feet of number four wire ,Yeighs 705 pounds. 
Weight of wire used 2815 pounds. 
880 
480 
880 
880 
880 
Circuit f5. 
1760 
96Q 
17,60 
1760 
1760 
45.4 
21.0 
33.6 
25.6 
12.9 
12 
4.55 880 17.60 8 
2'. 7.3 1920 3840 10.5 
6240 feet number three wire weighs 990 pounds. 
7360 feet number four wire weighs 925 pounds. 
Weight of wire used 1915 pounds. 
Circuit :/r6. 
22.7 23'2'0 4640 106 
20.0 400 800 16 
14 .6 400 800 11.8 
11.8 1040 2080 2,;l, •. 6 
9.1 800 1600 14 .5 
4.6 400 800 3. 7, 
6240 feet number three weighs 1250 pounds. 
4480· feet number four weighs 565 pounds:. 
Weight of wire us·ed lffl5 pounds,. 
Series Circuit~. 
Length of wire needed in one circuit= 22'000 feet. 
Number eight wire is used w,eighing 50 pounds per 1000 feet. 
Nine circuits are used. 
Weight of wire uEted = 22' x 9 r so=- 9900 pounds:. 
Table of Costs. 
Equipment. 
Sw~tch board and instrwnenta 
Erecting switch board 
Engine, including s:~tting and labor 
Generators, including setting 
Boiler, including setting, piping and 
erecting 
$185'0 
3'0 
2'650 
4200 
17,7,5 
Shafting, belting,etc. 
Transformers 
13 
Wire (22700 pounds@ $.15) 
Series Tungsten lamps 
Brackets for lamps 
Poles (400 new) including setting 
Cross· arms, braces, pins,etc. 
Insulator a 
Value of engine and l:>.oilers already 
$ 990 
1865 
3405 
900 
2430 
350 
750 
240 
installed 5000 
Total $ 26435 
Buildings and Grounds. 
Approximate value of buildings and grounds $7000 
Approximate cost of extending· building 3700 
Tot al $10700 
Operation costs per annum. 
Coal 
Int. and Dep. (bldg. and gr.) at 8 i 
Int. and Dep. (equip.) at 14 i 
Labor (six men) 
Oil,waste, etc. 
$2650 
855 
3560 
4400 
400 
Total $11865 
Output in K. W.H. per year = 300 x .268 · x 24 x 365 = 705000 
Cost per K.W.H. equals 11865/7.05000 = $.0131 
Assuming $ .05 as the average rate of selling, . 
• 05 - .0131 =$.0369 =amt.to be realized per K.W.H. 
157500 K.W.H. per year is used by street lamps. 
.14 
7.05000 - 157.500 = 547500 K.W.H. disposed of to customers. 
547500 x $ .0369 = $202'00 to be realized each year from 
inve.stment. 
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